
lllllllllllllllllllllllllllllllllllllIllllIllllllllllllllllllllIlllllllllll 
‘ US005250408A 

Unlt?d States Patent [19] [11] Patent Number: 5,250,408 
Chang et al. [45] Date of Patent: Oct. 5, 1993 

[54] CHLORIDE CONTAINING TABULAR [56] References Cited 
GRAINS WITH HOLES AND PROCESS FOR 
THEIR PREPARATION U.S. PATENT DOCUMENTS 

4,710,455 12/1987 lguchi et al. .. .... .. 430/567 

4,713,323 12/1987 Mnskasky .. .. 430/569 
[75] Inventors Yun C- Chmz; Joe E- Mlsklskmboth 5,045,443 9/1991 Urabe ................................ .. 430/567 

of Rochester, NY. 
Primary Examiner-Charles L. Bowers, Jr. 

_ Assistant Examiner-Mark F. Huff 
{73] Asslgnce: Eastman Kodak Company’ Attorney, Agent, or Firm-Carl 0. Thomas 

Rochester, NY. 
[57] _ ABSTRACT 

[21] APPL NOJ 393,612 The present invention is directed to a process of precipi 
tating, for use in photography, a high aspect ratio silver 

_ halide tabular grain emulsion employing a dispersing 
[22] F?ed‘ Jun‘ 15’ 1992 medium and silver chlorobromide or silver chlorobro 

moiodide grains, wherein at least 50 percent of the tabu 
[51] Int. Cl.5 ..................... .. G03C 1/005; G03C 1/035 lar Silver halide grains have a centrally located hole. 1 
[52] US. Cl. ................................... .. 430/569; 430/567 
[58] Field of Search .............................. .. 430/567, 569 24 Claims, 6 Drawing Sheets 

lLlM 



US. Patent 0a. 5, 1993 Sheet 1 of 6 5,250,408 



US. Patent 0ct.5,1993 Sheet 2 of 6 5,250,408 

10 #M FIG. 2a 



US. Patent Oct. s, 1993 Sheet 3 of 6 5,250,408 

IJJM 
FIG. 2b 



US. Patent Oct. s, 1993 Sheet 4 of 6 5,250,408 



US. Patent Oct.5,1993 Sheet 5 of 6 5,250,408 

IO LIM 



US. Patent Oct. s, 1993 Sheet 6 of 6 5,250,408 



5,250,408 
1 

CHLORIDE CONTAINING TABULAR GRAINS 
WITH HOLES AND PROCESS FOR THEIR 

PREPARATION 

FIELD OF THE INVENTION 

The present invention relates to processes for precipi 
tating radiation sensitive tabular grain emulsions for use 
in photography. _ 

BACKGROUND OF THE INVENTION 

The most commonly employed photographic ele 
ments are those which contain a radiation sensitive 
silver halide emulsion layer coated on a support. Al 
though other ingredients can be present, the essential 
components of the emulsion layer are radiation sensitive 
silver halide microcrystals, commonly referred to as 
grains, which form the discrete phase of the photo 
graphic emulsion, and a vehicle, which forms the con 
tinuous phase of the photographic emulsion. 

Recently the photographic art has turned its attention 
to high aspect ratio tabular grain emulsions, herein de 
?ned as those in which tabular grains having an aspect 
ratio greater than 8:1 account for greater than 50 per 
cent of the total grain projected area. The aspect ratio 
of the grains is determined by dividing the grain thick 
ness by the grain diameter. The term grain diameter as 
used herein is its equivalent circular diameter—that is, 
the diameter of a circle having an area equal to the 
projected area of the grain. Grain dimensions can be 
determined from known techniques of microscopy. 
Tabular grain emulsions can offer a wide variety of 
advantages, including reduced silver coverages, thinner 
emulsion layers, increased image sharpness, more rapid 
developability and ?xing, higher blue and minus blue 
speed separations, higher covering power, improved 
speed-granularity relationships, reduced crossover, less 
reduction of covering power with full forehardening, as 
well as advantages in image transfer. Research Disclo 
sure, Vol. 225, January 1983, Item 22534, is considered 
representative of these teachings. 

In almost every instance, the advantages of high as 
pect ratio tabular grain emulsions are enhanced by limit 
ing the thickness of the tabular grains. High aspect ratio 
tabular grain silver chlorobromide emulsions having 
tabular grain thicknesses well below 0.3 pm have been 
formed, and corresponding silver brornoiodide emul 
sions have been recently produced. 
One possible drawback to tabular shaped grains is 

that they lie parallel when coated on a photographic 
paper or ?lm support. Consequently, it is conceivable 
that overlapping layers could inhibit, to some degree, 
the free flow of developer solution. 
By incorporating holes into the tabular grains, devel 

oper solution could be made to pass through the holes, 
resulting in more uniform development. 
US Pat. No. 4,713,323 to Maskasky discloses a pro 

cess for preparing tabular grain emulsions. Although it 
does not appear to be a purpose of this patent, and there 
fore is incidental, FIG. 3 of Maskasky shows several 
grains having holes therein. However, the percentage 
of total grains having holes in this ?gure is very small. 
US. Pat. No. 5,045,443 to Urabe discloses tabular 

silver halide grains wherein at least 30 percent of these 
grains have an indentation or space in their central 
portion. In the process disclosed by Urabe, the halogen 
composition of the grain is arranged so that the solubil 
ity of the center of the grain is higher than that of the 
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2 
surrounding portion. The central portion is then dis 
solved using a conventional silver halide solvent such as 
thiocyanate, leaving a centrally located hole. To make 
AgClBr grains, for example, Urabe teaches producing a 
grain in which the central portion is AgCl and the outer 
portion is AgClBr. The central AgCl portion is then 
dissolved using conventional silver halide solvents, 
leaving an AgClBr grain with a centrally located hole. 
The conventional ripening agents and ?xing type sol 
vents used to dissolve the more soluble halide portion of 
include, for example, thiocyanate, ammonia, thioether, 
and thiourea. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method is 
provided for producing a radiation sensitive emulsion 
which includes a dispersing medium and silver halide 
grains having a total projected area of which at least 
50% is provided by tabular silver chlorobromide grains 
having a thickness of less than 0.3 pm, a diameter of at 
least 0.6 pm, and a mean aspect ratio greater than 8:1, 
wherein the silver halide tabular grains are bordered by 
opposed, substantially parallel {llll} major crystal 
faces and at least 50% of the tabular silver halide grains 
have a centrally-located hole connecting the substan 
tially parallel {111} major crystal faces, wherein the 
centrally-located hole has a diameter of at least 0.4 pm. 
The method is particularly useful for providing silver 
chlorobromide grains having a high chloride content. 
The method involves ?rst providing an emulsion 

containing tabular silver chlorobromide or chlorobro 
moiodide grains having a center portion and a periph 
eral portion surrounding said center portion, wherein 
the peripheral portion is more soluble than the center 
portion. After the initial tabular grain is formed, a quan 
tity of grain protecting material is added to the emulsion 
to adsorb onto the peripheral portion of the silver chlo 
robromide grains. 
A chloride-containing material is then added to the 

emulsion, causing the center portion to dissolve and 
create a hole in the silver chlorobromide grain. The 
chloride-containing material may be a chloride-contain 
ing salt, such as, for example, an alkali, alkaline earth, or 
ammonium salt. A preferred chloride-containing mate 
rial is sodium chloride. By varying the precipitation 
process parameters, the size and shape of the resultant 
hole can be controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a carbon replica micrograph of silver halide 
grains produced in accordance with the method dis 
closed in Example 1. 
FIGS. 20 and 2b are scanning electron micrographs 

of tabular silver halide grains produced in accordance 
with the method disclosed in Example 5. 
FIGS. 30 and 3b are scanning electron micrographs 

of tabular silver halide grains produced in accordance 
with the method disclosed in Example 8. 
FIG. 4 is a scanning electron micrograph of a tabular 

silver halide grain produced in accordance with the 
method disclosed in Example 12. 

DETAILED DESCRIPTION OF THE 
INVENTION 

It has been discovered that tabular silver halide grains 
can be produced wherein at least 50 percent of the 
grains have a centrally located hole connecting the 
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substantially parallel {111} major crystal faces. More 
surprisingly, it has been discovered that such grains can 
be produced by ?rst forming a grain having central 
composition and an outer periphery composition sur 
rounding the central portion, wherein the higher solu 
bility composition is actually on the periphery of the 
grains. 
The process involves ?rst forming a grain having a 

central portion and a surrounding peripheral portion, 
wherein the central portion has a lower solubility than 
the peripheral portion. A quantity of grain protecting 
material is then added to the precipitation process, such 
that the more soluble outer peripheral portion is pro 
tected. Suitable grain protecting materials, as the term is 
used herein, must have a greater affinity for adsorbing 
on the outer (more soluble) periphery portion and fur 
ther must be capable of “protecting" the outer portion 
from dissociating prior to the central portion. Chemical 
compounds which have shown a particular affmity for 
use as grain protecting materials are materials having a 
purine type molecular structure. Particularly preferred 
grain protecting compounds are xanthine, 7-azaindole, 
adenine and 4,5,6-triaminopyrimidine. 
Another material suitable as a grain protecting mate 

rial has the following formula: 

where 

with the proviso that no more than one of Z4 

R2 is H, NH; or CH3; 
R3, R‘ and R5 are independently selected, R3 and R5 

being hydrogen, hydroxy, halogen, amino or hy 
drocarbon and R4 being hydrogen, halogen or hy 
drocarbon, each hydrocarbon moiety containing 
from 1 to 7 carbon atoms; and 

R6 is H or NHZ. 
Another material suitable as a grain protecting mate 

rial has the formula: 

l 
N 

RL-N X \ 3 Z 
/ o’k N N 

H H 

where 
Z8 is —C(R8)=or —N=; 
R8 is H, NH; or CH3; and 
R1 is hydrogen or a hydrocarbon containing from 1 to 

7 carbon atoms. The grain protecting material is 
not a Z-hydroaminoazine. 

Another suitable grain protecting material is a 2 
hydroaminoazine of the formula: 
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where 
N4 is an amino moiety and 
Z represents the atoms completing a 5 or 6 member 

ring. 
Subsequently, a quantity of a chloride-containing 

material is added to the emulsion, which causes the 
halide in the lower solubility center portion to leave the 
central portion and deposit on the peripheral portion, 
creating a hole in the tabular grain. The process is suit 
able for preparing tabular silver chlorobromide grains, 
particularly those having high chloride content, such , 
as, for example, those having greater than 60 mole per 
cent chloride. More preferably, the chlorobromide 
grains disclosed herein contain those having greater 
than at least 80 mole percent chloride, and most prefera 
bly the grains contain at least 90 mole percent chloride. 
The process is also suitable for forming silver chloro 

bromoiodide grains, particularly those having high 
chloride content (i.e., 60 to 99 mole percent chloride). 
With regard to silver chlorobromoiodide grains, a par 
ticularly preferred chloride content is greater than 90 
mole percent, and a particularly preferred chloride to 
bromide to iodide ratio is approximately 91 mole per 
cent chloride, 8 mole percent bromide, and one percent 
iodide. 

In accordance with a preferred embodiment of the 
present invention to form tabular high chloride content 
silver chlorobromide grains having holes therein, the 
precipitation reaction vessel is initially charged with a 
chloride containing and a bromide containing material, 
thereby providing a supply of chloride and bromide 
ions. The solubility of silver halide ranges from AgCl, 
which is the most soluble silver halide (pK,p=9.75), to 
the less soluble AgBr (pK,p= 12.31), to the least soluble 
halide, AgI (pK,p= 16.09). Of course, mixtures of these 
halides will result in intermediate solubilities. For a 
further explanation of silver halide solubility, see “The 
Theory of the Photographic Process” (4th Edition), by 
James, Macmillan Publishing Co., Inc. Since silver bro 
mide and silver iodide are markedly less soluble than 
silver chloride, it is appreciated that bromide and/or 
iodide ions if introduced into the reaction vessel will be 
incorporated in the grains in preference to the chloride 
ions. Thus, when a silver containing material is added to 
the reaction vessel, the bromide reacts preferentially 
with the silver to form a grain of substantially AgBr 
with trace amounts of chloride. The reaction vessel 
contains an initial bromide to chloride ratio which re 
sults in the bromide ions being used up prior to the 
chloride ions. Once the free bromide in the reactor is 
used up, only the chloride is left to react with the silver. 
Consequently, a substantially AgCl portion forms 
around the AgBrCl grain, thereby creating a grain hav 
ing a silver bromochloride central portion and an outer 
peripheral portion consisting primarily of AgCl. The 
solubility of AgCl is greater than that of AgBr or 
AgBrCl. Consequently, the resultant grain at this point 
in time consists of a higher solubility outer periphery 
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region which surrounds a relatively lower solubility 
central portion. 
A grain protecting material such as adenine is then 

added to the reaction vessel. Adenine preferentially 
adsorbs onto the outer AgCl portion of the grain, rather 
than the central AgBrCl portion of the grain. 
The centrally located hole is formed by adding a 

concentrated chloride containing solution after the 
above described grain formation and incorporation of a 
grain protecting material. The addition of the concen 
trated chloride containing solution is commonly re 
ferred to as a chloride ion “dump”. The driving mecha 
nism involved in tile hole formation step is believed to 
be two-fold. First, the second law of thermodynamics 
states that it is a natural tendency of a system to maxi 
mize its own entropy. Consequently, the bromide rich 
center should tend to redistribute itself to other parts of 
the crystal, which is bromide de?cient, in order to maxi 
mize the entropy of the resultant grain. Second, by 
coating the outer portion of the grain with a grain pro 
tecting material, such as adenine, it is believed that the 
halides located in the outer periphery are more pro 
tected than the halides located in the central portion. 
Consequently, when the chloride containing solution is 
added as mentioned above, the bromide ions in the 
central portion redistribute to the peripheral portion, 
thereby leaving a hole in the center of most of the 
grains. Preferably, the addition of the concentrated 
chloride containing material (the chloride dump) should 
result in an increase in chloride ion concentration such 
that the pCl of the reaction vessel undergoes a drop of 
at least 0.05. More preferably, the chloride ion dump 
should result in a pCl drop of 1.0 or more. 
While tabular grains having centrally located holes 

can be produced using the precipitation procedures set 
forth above, known grain separation techniques, such as 
differential settling and decantation, centrifuging, and 
hydrocyclone separation, can, if desired, be employed. 
An illustrative teaching of hydrocyclone separation is 
provided by Audran et a1. U.S. Pat. No. 3,326,641. 
The thin tabular grain emulsions can be put to photo 

graphic use as precipitated, but are in most instances 
adapted to serve speci?c photographic applications by 
procedures well known in the art. Conventional hard 
eners can be used, as illustrated by Research Disclosure, 
Item 17643, cited above, Section X. The emulsions can 
be washed following precipitation, as illustrated by 
Item 17643, Section 11. The emulsions can be chemi 
cally and spectrally sensitized as described by Item 
17643, Sections III and IV; or as taught by Kofron et a1. 
U.S. Pat. No. 4,439,520. The emulsions can contain 
antifoggants and stabilizers, as illustrated by Item 17643, 
Section VI. 
The emulsions of this invention can be used in other 

wise conventional photographic elements to serve var 
ied applications, including black-and-white and color 
photography, either as camera or print materials; image 
transfer photography; photothermography; and radiog 
raphy. The remaining sections of Research Disclosure, 
Item 17643; illustrate features particularly adapting the 
photographic elements to such varied applications. 
The tabular silver halide grains formed in accordance 

with the invention herein generally have a total pro 
jected area of which at least 50 percent is provided by 
tabular silver halide grains having a thickness of less 
than 0.3 micrometer (hereinafter also subsequently 
referred to as micron or pm), a diameter of at least 0.6 
pm, and a mean aspect ratio greater than 8:1, wherein at 
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6 
least 50 percent of the silver halide tabular grains have 
a centrally-located hole connecting the opposed, sub 
stantially parallel {111} major crystal faces, and the 
centrally located hole has a diameter of at least 0.4 pm. 
The preferred emulsions prepared according to the 

present invention are those in which the tabular grains 
have a thickness of 0.2 pm or less, and an aspect ratio of 
at least 12:1. Preferably, the tabular grains account for 
greater than 70 percent of the total grain projected area. 
Preferably, at least 75 percent and, more preferably, at 
least 85 percent of the tabular silver halide grains have 
a centrally-located hole. 

In addition to the initial chloride and bromide ion 
concentration in the reaction vessel, it is additionally 
contemplated to employ a gelatino-peptizer. The inven 
tion is operable with all forms of gelatin, and therefore 
is not limited to any form of gelatin or any level of 
methionine. 

Speci?c useful forms of gelatin and gelatin deriva 
tives can be chosen, for example from among those 
disclosed by Yutzy et a1. U.S. Pat. Nos. 2,614,928 and 
2,614,929; Lowe et al. U.S. Pat. Nos. 2,614,930 and 
2,614,931; Gates U.S. Pat. Nos. 2,787,545 and 2,956,880; 
Ryan U.S. Pat. No. 3,186,846; Dersch et al. U.S. Pat. 
No. 3,436,220; Maskasky U.S. Pat. No. 4,713,320; Mas 
kasky U.S. Pat. No. 4,713,323; King et al. U.S. Pat. No. 
4,942,120; and Luciani et al. U.K. Pat. No. 1,186,790. 

Except for the distinguishing features discussed 
above, precipitations according to the invention can 
take conventional forms, such as those described by 
Research Disclosure, Vol. 176, December 1978, Item 
17643, Section I, or U.S. Pat Nos. 4,399,215; 4,400,463; 
and 4,414,306, cited above. 
Modifying compounds can be present during emul 

sion precipitation. Such compounds can be added ini 
tially in the reaction vessel or can be added along with 
one or more of the peptizer and ions identi?ed above. 
Modifying compounds, such as compounds of copper, 
thallium, lead, bismuth, cadmium, zinc, middle chalco 
gens (i.e., sulfur, selenium, and tellurium), gold, and 
Group VIII metals, can be present during precipitation, 
as illustrated by Arnold et a1. U.S. Pat. No. 1,195,432; 
I-Iochstetter U.S. Pat. No. 1,951,933; Trivelli et al. U.S. 
Pat. No. 2,448,060; Overman U.S. Pat. No. 2,628,167; 
Mueller et al. U.S. Pat. No. 2,950,972; Sidebotham U.S. 
Pat. No. 3,488,709; Rosecrants et al. U.S. Pat. No. 
3,737,313; Berry et al. U.S. Pat. No. 3,772,031; Atwell 
U.S. Pat. No. 4,269,927; and Research Disclosure, Vol. 
134, June 1975, Item 13452. It is also possible to intro 
duce one or more spectral sensitizing dyes into the 
reaction vessel during precipitation, as illustrated by 
Locker et al. U.S. Pat. No. 4,225,666. 

It is important to note that once an emulsion has been 
prepared as described above any conventional vehicle, 
additives including other gelatins can be introduced 
while still realizing all of the advantages of the inven 
tion. Other useful vehicle materials are illustrated by 
Research Disclosure, Item 17643, cited above, Section 
IX. 

EXAMPLES 

The invention can be better appreciated by reference 
to the following specific examples. In each of the exam 
ples a reaction vessel equipped with a stirrer was used. 
The contents of the reaction vessel were stirred vigor 
ously during the entire precipitation process. Examples 
1-9 utilize adenine as a grain protecting material, along 
with some novel precipitation techniques to produce 
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predominantly chloride silver chlorobromide tabular 
grains having different size, shape and‘distribution of 
holes in the middle of those grains. Examples 10 and 11 
are control example provided for comparison. Example 
12 utilizes 4,5,6-triaminopyrimidine as a grain protect 
ing material. The temperature of all the precipitations 
was held at 40‘ C. 
The chloride ion concentration was monitored dur— 

ing the precipitation process. During the initial charg 
ing of the reaction vessel pCl was approximately 0. 
Immediately prior to the chlorine ion dump the pCl was 
approximately 0.036. Immediately after the chlorine ion 
dump the pCl dropped to approximately —0.08. At the 
end of the precipitation process, the pCl of the emulsion 
was approximately 0.115. 

Grain characteristics of the various emulsions pre 
pared in the examples were determined from photomi 
crographs and are summarized in Table I below. The 
heading Cl/Br ratio refers to the chloride to bromide 
ratio in the resultant silver halide grain. Hole area per 
grain refers to the cross-sectional area of the hole di 
vided by the cross-sectional area of the entire tabular 
grain. Hole Percent refers to the percentage of grains 
that have holes. Hole Size refers to the maximum size of 
the resultant holes. The heading pH refers to the pH of 
the reaction vessel which was maintained throughout 
the process. 

Example 1 
The reaction vessel was charged with 6000 grams of 

distilled water containing 90 gram of oxidized gelatin 
(which contained 2.7 micro mole of methionine per 
gram of gelatin), 0.5 Molar CaCl2-2H2O'and 9.3 grams 
of NaBr. The pH was adjusted to 4.0 at 40° C. and 
maintained'at that value throughout the precipitation by 
addition of NAOH or HNO3. Three liters of 0.5M 
AgNO3 solution was added to the reaction vessel. The 
?rst 0.3 percent of the total amount of AgNO3 was 
added over a 1 minute period. The addition rate of 
AgNO3 was then linearly accelerated over an additional 
period of 55 minutes (9.32><from start to ?nish) during 
which time the remaining 99.7-percent of the AgNO3 
was consumed. In addition, 30 CC of 37 mM adenine 
additions were made after 4 minutes, 10 minutes and 28 
minutes of the precipitation, and 378 CC of 3M CaClz 
(i.e., a chlorine ion “dump”) was added 10 minutes after 
precipitation started. During the addition of adenine 
and CaClg solutions, silver ?ow was stopped for 1 min 
ute to allow the additions to be uniformly mixed. A total 
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8 
of 1.5 moles of Ag halide were precipitated. Greater 
than 90 percent of the grains had a centrally located 
hole of irregular shape. 
FIG. 1 is a carbon replica micrograph of the resulting 

AgClBr (6 percent bromide) grains, illustrating irregu 
lar shaped holes. A summary of the precipitation condi 
tions and grain characteristics of the emulsion are sum 
marized in Table I. 

Examples 2, 3 and 4 

Examples 2 through 4 were prepared using the same 
procedure set forth in Example 1 above, except the pH 
was maintained at 5 and the initial chloride to bromide 
ratio was changed, as illustrated in Table 1, resulting in 
a different chloride to bromide ratio in the resulting 
grain. It should be noted that the parameters of Exam 
ple 4 resulted in circular, rather than irregular (like 
Examples 1, 2, and 3) holes. 

Example 5 
This emulsion was prepared as described in Example 

1, except that 62 grams of NaBr, and 3.94 mMoles of 
adenine were added initially to the reaction vessel solu 
tion. The pH was adjusted to 3.0 at 40° C. and main 
tained at that value throughout the precipitation. 
FIGS. 2a and 2b are scanning electron'micrographs 

of the resulting AgClBr (40 mole percent bromide) 
grains with triangular holes. 

Examples 6, 7, 8 and 9 

Examples 6 through 9 were prepared as described in 
Example 1, except that Rousselot gelatin (non-oxidized, 
containing 59.7 micro moles of methionine per gram of 
initial gelatin) was used instead of oxidized gelatin, and 
the amount of chloride and bromide in solution was 
varied, resulting in different chloride to bromide ratios 

' in the resultant grains, as shown in Table I. For exam 
ple, in Example 8, 31 grams of NaBr instead of 9.3 
grams was added initially to the reaction vessel solution 
resulting in a grain having a chloride to bromide ratio of 
80:20. The pH was adjusted to 5 at 40° C. and main 
tained at that value throughout the precipitation. FIGS. 
30 and 3b are scanning electron micrographs of the 
silver chlorobromide (20 mole percent bromide) grains 
resulting from Example 8, having round shaped holes. 

TABLE I 
Example Cl/BR Gelatin Hole Area Hole Hole Hole 

No. Ratio pH Type Per Grain Shape Percent Size 

1 94/6 4 oxidized random irregular >90 <3.0 
- gelatin ' 

2 60/40 5 oxidized random irregular >90 (3.0 
gelatin 

3 97/3 5 oxidized random irregular >90 < 1.5 
gelatin 

4 98.5/ 1.5 5 oxidized 4% round >90 <3.5 
gelatin 

5 60/40 3 oxidized 45% triangular >90 (2.0 
gelatin 

6 90.2/9.8 5 Rousselot 33% round >90 (20 
gelatin 

7 85/ 15 5 Rousselot 40% round >90 <2.0 
gelatin 

8 80/20 5 Rousselot 44% round > 90 < 2.0 
gelatin 

9 80/20 5 Rousselot 48% round >90 <3.0 
gelatin 
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Example 10. AgCl(94%)Br(6%) Emulsion with no 
holes (Control) 

This emulsion was prepared in the same manner as 
Example 1, except that no 378 cc of CaClg was intro 
duced. The resulting emulsion exhibited no hole forma 
tion in the grains. This example demonstrates that the 
introduction of a chloride containing compound (after 
formation of a grain having a high solubility periphery 
and a low solubility central portion) is essential to hole 
formation. 

Example ll. AgCl T-Grain Emulsion (Control) 
This emulsion was prepared in tile same way as Ex 

ample 6 (9.8 mole percent AgBr, 90.2 mole percent Cl) 
except that no bromide was added in the reaction vessel. 
The resulting emulsion shows no holes in the grains. 
This example demonstrates that, in the case of chloro 
bromide grains, a central bromide containing portion is 
necessary for hole formation to occur using the method 
of the invention. 

Example 12. Tabular AgCl(60%) BR(40%) grains made 
with 4,5,6-Triaminopyrimidine 

This emulsion was prepared in the same way as Ex 
ample 1 except that 200 cc of 20 Mm 4,5,6 
triaminopyrimidine and 62 grams of NaBr were added 
to the reaction vessel. Furthermore, 100 cc of 20 Mm of 
triaminopyrimidine solution was used instead of adenine 
solution during the course of precipitation. The result 
ing grains were 2.0 pm in diameter and exhibited cen 
trally located round shaped holes of about 1.5 pm in 
diameter. The grains with holes therein account for 
more than 80% of the total population of grains. FIG. 4 
is a scanning electron micrograph of the resulting 
AgClBr grains having round holes. 

Thus, the invention as disclosed herein provides a 
means for preparing tabular silver chlorobromide emul 
sions leaving holes in the grams. When layers of the 
tabular emulsion produced in accordance with the in 
vention are coated on photographic ?lm or paper, the 
free ?ow of developer solution can potentially be facili 
tated by channeling and capillary effects caused by the 
holes in tile grains. Thus, the uniformity and speed of 
development can be improved. By varying various 
parameters during precipitation, the size and shape of 
the holes can be manipulated. 
For example, by maintaining a low pH and a high 

bromide content (such as 40 mole percent) during the 
precipitation process, triangular and hexagonal shaped 
holes can be formed, as illustrated in Example 5 of 
Table l, and FIG. 2. Further, in comparing precipita 
tion processes having relatively the same parameters, 
lower bromide contents typically result in smaller holes. 
However, other techniques, such as the utilization of 
extra ripening steps, can be used to make larger holes 
even with lower bromide contents. 
The invention has been described in detail with par 

ticular reference to preferred embodiments thereof, but 
it will be understood that variations and modi?cations 
can be effected within the spirit and scope of the inven 
tion. 
What is claimed is: 
l. A process for producing a radiation-sensitive emul 

sion containing silver halide tabular grains having {1 l 1} 
major crystal faces with a centrally~located hole, said 
process comprising 
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10 
providing an emulsion containing tabular grains com 

prised of silver chloride and silver bromide, having 
a center portion and a peripheral portion surround 
ing said center portion, wherein said peripheral 
portion has a higher solubility than said center 
portion; 

adding a grain protecting material having a purine 
type molecular structure to said emulsion to adsorb 
onto said peripheral portion of said silver chloro 
bromide grains; and 

increasing the chloride ion concentration of said 
emulsion, whereby said center portion is removed, 
creating a hole in said grain. 

2. A process according to claim 1, wherein said pro 
viding an emulsion comprises: 

providing an emulsion containing chloride ions and 
bromide ions; and 

adding a quantity of a silver containing compound to 
said emulsion, so that a quantity of silver halide 
grains is formed, the center of said silver halide 
grains having a center portion and a peripheral 
portion, said peripheral portion having a higher 
solubility than said center portion. 

3. A process according to claim 2, wherein said emul 
sion containing chloride and bromine ions comprises at 
least 60% chloride ions. 

4. A process according to claim 2, wherein said emul 
sion containing chloride and bromine ions comprises at 
least 80% chloride ions. 

5. A process according to claim 2, wherein said emul 
sion containing chloride and bromine ions comprises at 
least 90% chloride ions. 

6. A process according to claim 1, wherein said in 
creasing the chloride ion concentration results in a drop 
of pCl greater than 0.05. 

7. A process according to claim 1, wherein said in 
creasing the chloride ion concentration results in a drop 
of pCl greater than 0.1. 

8. A process according to claim 1, wherein said grain 
protecting material is selected from the group consist 
ing of xanthine, 7-azaindole, adenine, 4,5,6 
triaminopyrimidine, and mixtures thereof. 

9. A process according to claim 1, wherein said grain 
protecting material has the following formula: 

where Y 

with the proviso that no more than one of Z‘, Z5 and 
Z6 is —N=; 

R", R‘ and R‘5 are independently selected, R3 and R5 
being hydrogen, hydroxy, halogen, amino or hy 
drocarbon and R‘ being hydrogen, halogen or 
hydrocarbon, each hydrocarbon moiety contain 
ing from 1 to 7 carbon atoms; and 

R6 is H or NH;. 
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10. A process according to claim 1, wherein said cent of the tabular silver halide grains have a cen 
grain protecting material has the following formula: trally-located region, surrounded radially by a pc 

_ ripheral region, wherein the centrally-located re 
0 gion comprises a silver halide which is less soluble 
II N 5 than the silver halide of the peripheral region; 

lU-N \ adding a grain protecting material having a purine 
k I Z8 type molecular structure to said dispersing medium 

04 N/ to adsorb onto said peripheral region of said grain; 
1-1 and 

H 10 increasing the chloride ion concentration in said dis 
whem persing medium under conditions effective to re 
Z8 is __C(Ra)=m __N:; move the less soluble centrally-located region and 
R8 is H, NH2 or CH3; and form a centrally-located hole in the silver halide 
RI is hydrogen or a hydrocarbon containing from 1 to tabular grains’ comwctmg the substantially Parallel 

7 carbon atoms‘ 15 {111} major crystal faces, wherein the centrally 
11. A process according to claim 1, wherein said 1°C“? 11°]: has a diameter of at 1°88‘ 0-4 #111 “Pd 

grain protecting material is a 2-hydroaminoazine of the °°nst1mt°5 less than 75 Perm"t 0f the SUV" halide 
following formula: tabular 81'3"! dlamctcf 

15. A process according to claim 14, wherein the 
20 dispersing medium comprises a gelatin peptizer. 

HnN‘ 16. A process according to claim 14, wherein the 
N \ N centrally-located region of said provided silver halide 

\\z grains contains at least 12 mole % more of the less 
||\ , / soluble silver halide than in the peripheral region. 

N N\ 25 17. A process according to claim 16, wherein the 
H peripheral region of said provided silver halide grains 

include at least 60 mole % chloride. 
where 18. A process according to claim 17, wherein the 
N4 is an amino moiety and centrally-located region of said provided silver halide 
Z represents the atoms completing a 5 or 6 member 30 grains is Substantially Silvcf bromide 

ring, 19. A process according to claim 17, wherein the 
12. A process according to claim 1, wherein said peripheral region of said provided silver halide grains is 

increasing the chloride ion concentration of said emul- Substantially Silvcl? chlofobfomoiodide- . 
20. A process according to claim 16, wherein the 

halides of the peripheral region of said provided silver 
sion comprises adding a chloride-containing salt. 

13. A process according to claim 12, wherein said 35 
chloride-containing salt is calcium chloride. halide grains include at least 80% Chloride. 

14. Aprocess of producingaradiation-sensitive emul- 21. A process according to claim 16, wherein the 
sion containing silver halide tabular grains with a cen- halides of the peripheral region of said provided silver 
trally-located hole, said process comprising: halide grains include at least 90% chloride. 

providing, in a dispersing medium, silver halide 22. A process according to claim 14, wherein the 
grains having a total projected area of which at peripheral region of said provided silver halide grains is 
least 50 percent is provided by tabular silver halide substantially silver chlorobromide. 
grains which are more than 50 mole percent silver 23. A process according to claim 14, wherein said 
chloride, with a thickness of less than 0.3 pm, a 45 increasing the chloride ion concentration comprises 
diameter of at least 0.6 pm, and a mean aspect ratio adding a chloride-containing salt. 
greater than 8:1, wherein the silver halide tabular 24. A process according to claim 23, wherein said 
grains are bordered by opposed, substantially par- chloride containing salt is calcium chloride. 
allel {111} major crystal faces and at least 50 per- ' ‘ ‘ ' ' 
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